normally used in a CdS/CdTe heterojunction configuration due to the high optical absorption coefficient. N. Amin et al proposed a ZnTe buffer layer as a back surface reflector in order to form an ohmic contact which improves the efficiency 1 . The CdS films with highly n-type as a suitable window layer affect the cell's conversion efficiency where thinner CdS films produce higher short circuit current densities 2 . The maximum efficiency for CdS/ CdTe solar cells were 28-30% 3, 4 that have increased by only 1.5% during the last 17 years [5] [6] [7] [8] [9] . Previous researchers reported 16% and 16.5% for maximum cell efficiency of CdS/CdTe solar cells [10] [11] [12] [13] . The best CdS/CdTe solar cells demonstrated the NREL show 17.3% and 18.7% for cell efficiency; and 12.8% and 13.1% for module efficiency at the lab condition 14, 15 . Consequently, today major challenge is increasing the efficiency of CdTe thin film solar cells.
Structure, Model and its validation
When modeling thin film solar cells, it is essential to take into account the interaction of optical and electrical that occur during the solar cells operation. The fundamental equations are electrostatic potential and carrier densities, which link together. The primary equations are Poisson's Equation, the continuity equations and transport equations that derived from Maxwell's laws. Furthermore, The Concentration-Dependent Low Field Mobility model, Shockley-Read-Hall recombination model and SRH ConcentrationDependent Lifetime were used to model the dopingdependent low-field mobility, recombination model and carrier lifetimes, respectively. These equations are solved self-consistently with Silvaco ATLAS software 16 .
In this paper, we were used an experimentally-fabricated CdS/CdTe cell as a reference cell 12 , and our simulation results are very close to the previous experimental results 12 . Therefore, the results can be basically valid for an actual cell with the proposed configuration. Figure  1 shows the reference cell structure where glass is used as the substrate. Its layers were consisted of 200 nm indium-tin-oxide (ITO), 50nm CdS, 3.5µm CdTe. Table 1 Table 2 compares the experimental results of J SC , V OC , fill factor, and cell efficiency with the simulated ones. As seen, the simulated results quite close to the actual experimental data.
RESULTS AND DISCUSSION
The step doping profile increases the efficiency of the CdS/CdTe cell due to formation of built-in electrical field that assists carrier migration and reduces the charge storage time and series resistance of the absorbing layer. The step doping profile can be form with divination of the absorption layer into two layers with different doping levels. The thickness and doping coefficients of the top Figure 2 shows this cell configuration schematically.
In addition to optimizing the doping levels, various structures by using step doping grading of the CdTe layer were also investigated in order to achieve best device performance. Therefore, the both doping and thickness of the top CdTe layer were optimized. An increase in the step doping gradient causes the decrease of charge storage time considerably. As compared with the uniformly doped reference cell, all step graded doping structures exhibited higher efficiency. Figure 3 shows the effect of varying X and Q in cell efficiency of the new structure. As can be seen, the efficiency is the maximum (18.07%) for X=0.64 and Q=0.05. The fill factor of 0.818 obtained for the best step graded doping structure. One of the major challenges associated for the fabrication of efficient and long-term stable CdS/CdTe solar cell is the formation of a stable, low resistance, non-rectifying contact to p-CdTe thin film. A high work function metal is required to make good ohmic contact to p-CdTe since CdTe is a ptype semiconductor with high electron affinity while most metals do not have sufficiently high work functions. Therefore, Schottky-barrier contacts to pCdTe absorber layers are normally used. The presence of a back contact barrier can significantly affect the current-voltage characteristics of a CdTe cell, primarily by impeding hole transport. Furthermore, it causes the current-limiting effect referred to as "rollover" causing form Schottky, or blocking barriers. The use of heavily doping extra buffer layer between the CdTe and metal back contact interface is a typical approach to overcome this problem. Moreover, the buffer layers are essential for achieving highly efficient solar cells. Figure 6 shows the resulted structure with the optimized CdTe thickness.
In order to form an ohmic contact, the 100 nm of Zinc Telluride (ZnTe) with a direct band gap of 2.28 eV was used as a back contact buffer layer in this work. Since ZnTe can dope highly p-type, the efficiency of our structure as a function of its doping was plotted. Figure 7 shows impact of increasing in impurity of the ZnTe layer on the J-V characteristics. As seen, due to increasing the open-circuit voltage, the efficiency increase.
Another attractive quality of the ZnTe is the low valence band discontinuity with CdTe. Stepped doping of the CdTe layer C)
Stepped doping of the CdTe layer with the ZnTe buffer layer.
The results show that the structure C has the best efficiency. The open-circuit voltage, shortcircuit current, fill factor and conversion efficiency for reference cell, simulated cell and proposed cell with optimized doping grading and BSF layer are given in Table 3 .
CONCLUSIONS
In this paper, we evaluated several step doping profiles in the absorber layer of CdS/CdTe cells. The conversion efficiency of 18.7% was obtained by optimization of the homo-junction location, doping concentrations and using ZnTe buffer layer that showed a noticeable improvement over the 16.3% efficiency of the reference cell with uniform doping profile of absorber layer. In addition, the modifications can be easily implemented during the fabrication process. The results show the conventional structure with ZnTe as a buffer back contact is the best structure. The open-circuit voltage, short-circuit current density, fill factor and total area conversion efficiency of the optimized solar cell structure are 952 mV, 25.97 mA/cm 
